as well as in the trout liver (14,15), when administered prior Mizuho-ku, Nagoya 467, Japan to or during carcinogen exposure by gavage or in the diet. 5 To whom correspondence should be addressed However, dietary 'anticarcinogens' may exhibit adverse promoting activity in certain test protocols or in other organs.
The modification potential of indole-3-carbinol (I3C), a
For example, exposure to I3C or cabbage during the postnaturally occurring compound found in cruciferous initiation (promotion) stage was found to strongly enhance vegetables, on neoplastic development was assessed using aflatoxin B 1 (AFB 1 )-induced liver tumourigenesis in the raina rat medium-term multiorgan carcinogenesis model. Onebow trout (15-17), diethylnitrosamine (DEN)-induced liver hundred male Sprague-Dawley (SD) rats were randomly tumourigenesis in newborn or young rats (13), 1,2-dimethyldivided into three groups and sequentially treated with hydrazine (DMH) inhibitor in one organ and as a promoter in others. weeks 1 and 3) (DMD treatment; groups 1 and 2) or the While the rat medium-term liver bioassay model of 8 weeks vehicles alone (group 3) in the first 3-week initiation period.
duration can detect both promotion and inhibition potential Animals of groups 1 and 3 were then given diet containing (21, 22) , in order to determine the spectrum of modifying 0.25% I3C from week 4 until week 24, followed by a return effects rat medium-term multiorgan carcinogenesis models of to basal diet for 28 weeks, and subgroups were killed at 20-36 weeks duration are more applicable (23-28). weeks 24 and 52. I3C caused significant increases in both
To elucidate the influence of I3C in various organs, we number (no./cm 2 ) and area (mm 2 /cm 2 ) of glutathione Stherefore conducted a post-initiation study at the whole-body transferase placental form (GST-P)-positive liver cell foci level using one of these models (23-28). assessed at week 24 of the experiment (PϽ0.01, 0.001). The incidence of hepatocellular adenomas in the DMD and I3C group at week 52 showed a tendency for elevation as Materials and methods compared to the DMD alone group, but this was not
Introduction
Kiyomi Sato of The Second of Department of Biochemistry, Hirosaki University School of Medicine, Japan. Anti-rat-pepsinogen 1 (Pg 1) IgG was Human foodstuffs contain many compounds that inhibit the a generous gift from Dr Chie Furihata of The Department of Molecular carcinogenic process in experimental animals (1-3). Recently, Oncology, The Institute of Medical Science, The University of Tokyo, Japan. Treatments *Abbreviations: I3C, Indole-3-carbinol; AFB 1 , aflatoxin B 1 ; DEN, diethylnitrosamine; DMH, 1,2-dimethylhydrazine; BOP, N-nitrosobis(2-oxoOne-hundred male SD rats were randomly divided into three groups (Figure 1 ). Animals of groups 1 and 2 were sequentially treated with DEN (100 mg/kg propyl)amine; MNU, N-methyl-N-nitrosourea; DHPN, dihydroxy-di-Npropylnitrosamine; GST-P, glutathione S-transferase placental form; Pg 1, b.w., a single i.p. injection, at the commencement of the experiment), MNU (20 mg/kg b.w., i.p., in citrate-buffered solution pH 6.0, four times at days 5, pepsinogen 1; DMD, DEN-MNU-DHPN treatment; PAPG, pepsinogen 1 altered pyloric glands; PhIP, 2-amino-1-methyl-6-phenylimidazo[4,5-8, 11 and 14), and DHPN (0.1% in the drinking water for 2 weeks during weeks 1 and 3) (DMD treatment). Non-initiation controls (group 3) were b]pyridine; AHH, aryl hydrocarbon hydroxylase; GST, glutathione Stransferase; GT, glucuronyl transferase; DTD, DT-diaphorase; PB, given vehicle alone (i.p. or in the drinking water). After this DMD treatment, the rats were maintained without any treatment for 1 week, and then animals phenobarbital; CYP, cytochrome P450; DBN, N,N-dibutylnitrosamine; BITC, benzyl isothiocyanate; BTC, benzyl thiocyanate; UDS, unscheduled DNA of groups 1 and 3 were given 0.25% I3C in the diet for 20 weeks from week 4, subgroups being killed under ether anaesthesia at weeks 24 and 52 of the synthesis; RDS, replicative DNA synthesis; TSH, thyroid stimulating hormone. treated with diluted normal goat serum, rabbit anti-rat Pg 1 IgG (1:10000), biotin-labelled goat anti-rabbit IgG (1:400) and avidin-biotin-peroxidase complex (Vectastain Elite ABC kit, PK-6101, Vector Lab. Inc., USA). Diaminobenzidine was used as a chromogen to demonstrate the sites of peroxidase binding. The sections were counterstained with haematoxylin for microscopic examination. As a negative control for the specificity of anti-rat-Pg 1 antibody, normal rabbit serum was used instead of anti-rat-Pg 1 IgG. The percentages of pyloric glands with a low Pg 1 content were calculated by counting over 1000 pyloric glands.
Quantitative analysis
The numbers and areas of GST-P-positive liver cell foci Ͼ0.1 mm in diameter Fig. 1 . Experimental protocol for the multiorgan carcinogenesis bioassay
were measured with an IBAS automatic image analysis system (Kontron Co. (DMD model). Animals were sequentially treated with DEN (100 mg/kg Ltd., Germany). Quantitative data for these were compared for statistical b. wt., i.p., single dose), MNU (20 mg/kg b. wt., i.p., four times, on days 5, significance using Student's t-test after ANOVA for GST-P and pepsinogen 1 8, 11 and 14) and DHPN (0.1% in the drinking water, during weeks 1 and altered pyloric glands (PAPG) and the Fisher's exact probability test was 3). Animals of groups 1 and 3 were given diet containing 0.25% I3C applied for tumour incidences. (shaded areas) for 20 weeks after DMD treatment and were given basal diet (clear areas) for 28 weeks. Survivors were killed at weeks 24 and 52.
Results

Body and liver weights
At week 24 of the experiment, the body weights in the DMD plus I3C group was significantly decreased as compared with the DMD alone group value (PϽ0.05) and the relative liver weight was significantly increased (PϽ0.001). However, no intergroup variation in the body or relative liver weights was evident at week 52 of the experiment after the return to basal diet (Table I) .
Quantitative values for GST-P-positive liver cell foci
Quantitative values for GST-P-positive liver cell foci per cm 2 are shown in Figure 2 . The average number (no./cm 2 ) and area (mm 2 /cm 2 ) of GST-P-positive liver cell foci in the DMD plus I3C group as well as the D max of GST-P-positive liver cell foci were significantly increased as compared to the increase, but these values were not significant. The numbers of PAPG in pyloric mucosa in each group showed Histological examination tendencies for decrease, but these PAPG in the pyloric mucosa
The major organs, including the liver, thyroid gland, lungs, heart, kidneys, did not significantly different between groups at week 52 of oesophagus, stomach, intestine, adrenal glands and testes were taken, fixed in the experiment (data not shown).
10% neutral phosphate-buffered formalin, and embedded in paraffin for routine processing and examination of H&E stained sections. Liver tissue and Incidences of tumours glandular stomach were also processed for immunohistochemical staining of GST-P and Pg 1.
Incidences of neoplastic lesions are shown in Table II . The combined incidence of hepatocellular adenomas or carcinomas
Immunohistochemical staining of GST-P From the three major lobes of the liver 4-5-mm thick slices were cut with a in the DMD plus I3C group at week 52 was significantly razor blade, and fixed in ice cold acetone, embedded in paraffin and sectioned higher than in the same group at week 24 of the experiment at 4 µm for subsequent immunohistochemical staining of GST-P, as described (38 vs. 5%, PϽ0.05) with a tendency for increase as compared previously (13, 22, 29) . Endogenous peroxidase activity was blocked by treatwith DMD alone group (38 vs. 18%). However this was not ment with methanolic hydrogen peroxide. After being passed through xylene statistically significant. At week 52 the combined incidence of and a graded alcohol series the sections were sequentially treated with diluted normal goat serum, rabbit anti-rat-GST-P (1:10,000) IgG, affinity-purified follicular cell adenomas and adenocarcinomas of the thyroid biotin-labelled goat anti-rabbit IgG, and avidin-biotin-peroxidase complex gland was also significantly increased in the DMD plus I3C (Vectastain Elite ABC kit, PK-6101, Vector Lab. Inc., USA). Diaminobenzidine group with a preponderance of solid and poorly differentiated was used as a chromogen to demonstrate the sites of peroxidase binding. The follicular cell adenocarcinomas (PϽ0.01) (Table II) . Colloid sections were counterstained with haematoxylin for microscopic examination. As a negative control for the specificity of anti-rat-GST-P IgG, normal rabbit follicles of the thyroid gland appeared normal. The numbers serum was substituted for antiserum.
of neoplastic lesions of other organs in each group did not
Immunohistochemical staining of Pg 1 significantly differ. Rats in both the DMD treated groups
The glandular stomachs of animals killed at the end of week 52 were fixed developed alveolar hyperplasias and adenomas and/or in sublimated formalin and cut into about eight strips, which were embedded adenocarcinomas of the lung but no effect of I3C was evident.
in paraffin for subsequent immunohistochemical staining of Pg 1, as detailed Pathological changes were also observed in the adrenal gland earlier (7,29,30). The ABC method was used to determine the location of Pg (an adenocarcinoma) and kidney (renal cell adenomas and a 1 in the pyloric mucosa. Endogenous peroxidase activity was blocked by treatment with methanolic hydrogen peroxide. Sections were sequentially nephroblastoma). Discussion administered daily over long periods and this would be expected to result in induction of aryl hydrocarbon hydroxylase The results of the present study demonstrate clearly enhancing (AHH) activity (4,5), as well as glutathione S-transferase effects of I3C on liver and thyroid gland neoplastic develop-(GST) (32) (33) (34) (35) , glucuronyl transferase (GT) (33) , and DTment in the post-initiation (promotion) stage of the present diaphorase (DTD) (33) . Although this property of I3C might rat medium-term multiorgan carcinogenesis model (DMD normally be expected to inhibit carcinogen action (2,4,35), the treatment). The liver results are in line with our previous same type of pleiotropic response has been observed for findings in a rat medium-term bioassay (13).
Enhancement of liver and thyroid gland neoplasia by I3C
phenobarbital (PB)-type enzyme inducers resulting in promoBiphasic modifying effects of I3C on hepatocarcinogenesis tion/enhancement depending on the period of administration were earlier demonstrated in terms of AFB 1 -induced liver of I3C on the liver (36) (37) (38) . I3C has been shown to induce tumours in the rainbow trout (14-17). Exposure during the hepatic cytochrome P450 (CYP) 2B1/2, as well as CYP 1A1 initiation stage reduced the yield of hepatocellular carcinomas, and 1A2 (33) . while post-initiation administration caused a significant
In contrast with our present results and the data from our increase (14,15). Dietary exposure to I3C or cabbage of earlier study (13), Jang et al. (39) reported that dietary rodents also enhanced the development of colon tumours after intake of 0.5% I3C significantly decreased the development DMH treatment (18,19) although inhibition of aberrant crypt of hyperplastic nodules and GST-P-positive liver cell foci after formation by 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridsequential treatment with DEN, MNU, and N, N-dibutylnitrosine (PhIP) was observed for both initiation and promotion amine (DBN). The reason for this discrepancy is unclear since stages (31) . The mechanisms responsible for the observed the strains of rats, dose, duration and kinds of carcinogens promotion effects of I3C (13,15-19) remain to be clarified. However, in most of the studies, high levels of I3C were applied were basically the same. (12). Ethanol extracts from Chinese cabbages were also reported to inhibit the development of GST-P-positive liver References cell foci in newborn SD rats after initiation with DEN (40). 
